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TECHNICAL NOTE NO. 1575

THE EFFECT OF VARTATIONS IN MOMENTS OF INERTIA ON SPIN AND
RECOVERY CHARACTERTSTICS OF A SINGLE-ENGINE LOW-WING
MONOPILANE WITH VARIOUS TATI, ARRANGEMENTS,
TNCILUDING A TWIN TATL

By Anshsl I. Neilhouse
SUMMARY

An investigation has been conducted in the lLangley 15-foot free-
splnning tunnel on a research model, representative of a present-day
trainer or a four-place cabin monoplane, with varied moments of inertia.
The tests were made for eight different wing arrengements and four
different tail srrengements, including s twin tail. The moments of
inertia about the three alrplasne axes were increased or decreased by a
constant percentage and the results were compared. Comparison is also
made between these results and those previously presented for conditions
with the airplane relative denslity varied.

The results of variation of moments of inertia indicated that, within
the range of the present tests, uniformly decreasing the moments of inertia
led to steeper spins, higher angular and vertlcal velocities, and faster
recoveries. Comparison of these results wlith results of previous tests
indicated that adding weight at the center of gravity up to 50 percent of
the basic welght led to higher rates of descent and rotation, had little
effect upon recoveries when the elevators were up, and generally had a
somewhat adverse effect upon recoveries when the elevators were neutral or
down. The results also indlcated that the twin-tail configurstion was a
very effective arrangement as regards spin recovery.

INTRODUCTION

Spln-~-tunnel experience has indicated that moments of inertia may have
significant effects upon the spin and recovery characteristics of an air-
plane. In order to make avallable additional results on the effects of
moments of inertia, the results of an investigation conducted during 1939
on a low-wing airplane model in the ILangley 15-foot free-spinning tunnel
are presented in this paper. Eight different wing arrangemsnts and four
different tall arrangements, Including a twin tail, were investigated.

The investigation was an extenslon of the research conducted wilth the low-
wing airplane model reported in references 1 to 5. s

-
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For the investigation referred to herein, moments of lnertia about
the three alrplene axes were increased or decreased by & constant per-
centage. BSuch changes would occur on an alrplanse 1f items of load. were
shifted along both the wings and the fuselage. The present results are
congidered comparable to those previously obtained when the relative
density was varied (reference 5). In reference 5, the results presented
wore for loadings obtained by increasing or decreasing the moments of
inertis and at the same tims altering the weight correspondingly in order
to keep the radll of gyration constant. For the present btesits, corre-
sponding momeni-of -inexrtia varilations were made but the welght weas main-
talned constant.

The +tail arrangsments varled from a short rudder above a shallow
fuselage to a full-length rudder and ralsed horizontal taill on a deep
fuselage, and also includsd & twin-tall design. The wing variables were:
tip shape, airfoil section, plan form, thickness, and landing flsps.

SYMBOLS
b wing span, feet :
s wing area, square feet
c ' wing mean chord, inches (%)
x/c ratio of dlgtance of center of gravity rearward of

leading edge of wing mean chord to wing mean chord

z/c reatio of distance between center of gravity and thrust
line to wing mean chord (positive when center of
gravity is below thrust line)

m. masg of alrplans, slugs

P air density, slug per cubic foot

N airplane relative-density parameter (;g;

Iy, Iy, Iz moments of Inertla about Xé Y, and 2 bbdy axes,
respectlively, slug-feet

ky, ky, kg radlii of gyration about X, Y, and Z body axes,

respectively, feet

Iy - Iy

5 inertia yawing-moment parameter
mb ’
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IY - IZ
2 inertia rolling-moment paramster
m R
IZ - Ix .
— inertia pitching-momsnt paramster
mb
Iz, - Iy
E——_—E— Insrtia rolling-moment and yawing-moment parameter
Zz - X ' -

a angle betwsen thrust line and vertical (approximately
equal to abaclute value of angle of attack at plane
of symmetry), degrees

P angle between span axis and horizontael, degrees

v - model rate of descent, feet per second

Q modsl angular veloclty about spin axis, radians per

second
APPARATUS AND METHODS

The tests were counducted in the Langley 15-foct free-spinning
tunnel which has since heen superseded by the larger 20-foot free-
spinning tunnel. A general description of model construction and testing
technique 1n ths Langlsy 15-foot free-spinning tunnsel is given in
reference 6. Use of a launching spindle has, however, been replaced by
launching the model by hand into the vertically rising air stream. A
photograph of a model spinning in the Langley 20-foot free-spinning tunnel
is shown as figure 1.

The basic condition of the model for the present investigation was
glmilar to th2 baslic conditlon refsrred to 1n rsference 5. The model 1s

considered to rspresent a %;-scale modsl of a current trainer or a four-
place cabin monoplans. Filgurs 2 1s a two-view drawing of the basic model,
and photographs of the basic model ars shown as figure 3. The wing and.
tail surfaces were 1lndepsndently removaeble and interchangeable to permit
testing any combination. The exchange of surfaces could be made without
any change in mass distribution. The mass distribution, howsver, could
be independently varisd by ths relocation of weights.

The verious wing configurations used ars shown in figure 4 and are
designated as follows:

Wing 1 - NACA 23012 ssctionj; rectangular plan form; Army tips.

Wing 2 - Same as wing 1 with 2)-percent full-span split flaps
- deflected 60°.
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Wing 3 - NACA 23012 sectlonj rectangular plan formj rectangular
tips.

Wing 4 - Sems as wing 3 with falred tips.

Wing 5

NACA 0009 sectionj; rectangular plan form; Army tlps.
Wing 6 - NACA 6718 gection; rectangular plan_form; Army tilps.
Wing 7 - NACA 23012 sectioni 5:2 taper ratioj Army tips.

Wing 8

NACA 23018-09 section (standard Army wing); 2:1 taper
ratlo; square center; Army tips.

Photographs of the wings are shown as figures 5 and 6. Flgures 2
and 3 show the model with the basic wing (wing 1) and tall C installed.
This wing 1s of NACA 23012 section with rectangular plan form and Army
tips. In common with the other wings, it has an arsa of 150 squarse
inches, a span of 30 inches, and no dihedrel, twist; or sweepback. The
other seven wings have varled dimensiocnal characteristics a8 indicated
in figures U4 and 6.

Each wing was mounted on the model at an angle of incidence equal
to the angle of zero lift for the particular section.

The four tail conflgurations used ars designated teils A, B, C,
and D and are shown in filgures T and 8. Tall C had a shallow fuselage
with rudder coxpletely above the tall cone. Tall B was derived from
tail C by Increasing the fuselage depth, raising the stabilizer and the
elevators, and installing the original fin end rudder atop the deepened
fugelage. Tall A was similar to tall B except for full-length rudder
construction and slightly increased elevator cut-out. Tail D has the
same areas and tall lengths as tall C. The vertical tall area was redis-
tributed to form two vertical talls of circular plan form, sach having
half the original area. The dimensional characteristice of the varlous
tail arrangements are glven In table I. The tall-damping power factor
weas computed by the method dsscribed In reference 7. The stabllizer was
set at zero incidence for each tail. There was no fin offset. A
clockwork dslay-action mschanlam was installed in the model to actuate
the controls during recovery tests.

The full-scale dimensional characteristics for this model (assumed
1/15 scale) with any one of the wings shown in figure 4 and with tail C
instelled would be:
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The model was ballasted by the installation of proper lead welghts
to represent an airplane spinning at 6000 feet altitude (p = 0.001988).
If the model were arbitrarily assumed to be 1/15 scale, the corresponding
characteristics for the baslc loading and for the loadings with moments
of inertis decreased and increased would be the values given in table IT.
The moments of inertia were decrsased approximately 16 percent of the
basic values and increased approximately 24 percent. It was noted for
the present investigatlon that, with the moments of inertia decreased, the
actual values of the moments of inertia were sbout the sams as those for
the low relatlive-denslty conditlon previously presented 1in reference 5.
With the moments of inertla Increased, the Ilncreases were spproximately
60 percent of the corresponding increases obtalned for the high relative-
density condition.

PRECISION

The model test results presented are believed to be the true values
given by the model within the following limits:

A, GOETBOB « + « ¢ « o 4 4 4 s e e s e e W e e e e e e e e e s e e . E1
P, GOFTOO8 ¢ + ¢« + ¢+ e e 4 e e e e e e e e e e e e e e e e e .. T
V, DOTCONt « + ¢ o 4 o+ o ¢« + 4 4 4t 4 s e e s e e e s e e e e e e s 15
R, POTCONtL « o « o 4 ¢ ¢ o v e 4 4 s 4 e w s e e e e e e s e e s e . E2
Turns for recovery ’
when obtained from motion-picture records . . « . ¢« « ¢« « « .« . +1
when obtalned by visual estimate . « ¢ ¢« ¢« ¢ ¢« ¢ ¢ ¢ o ¢ « o o & ig

The precedling limits may have been exceeded for those spins for
which 1t was difficult to control the model in the tunnel because the
rate of descent was high or because the spin was wandsring or oscillatory.
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The accuracy of-measuring the welght and mass dlstribution of the
model is belleved tc be within the following limits:

Welght, percent . . . v « o v v ¢« vt o e eTe ee de w e e i e e . . EL
Center-of-gravity location, percent C ¢ o o o o « o o = o+ 4 2o e e o FEL
Moments of inertia, percent . . . . . . . . . o0 o0 0000 . 0 35

The controls were set with an accuracy of +1°.

Tests made at the baslc, or normal, loading were repeat tests, and
the resulte agreed falrly well wlth corresponding resulte of reference 5,
although the agreement was not always exact as a result of Inadvertent
slight damages to the modsl resulting from testing.

TESTS

FPor each wing and tall combination with sach set of values of the
moments of inertlia, gpin tests were made for four control settings:

(2) Rudder 30° with the spin, elevators 30° up

b
(b) Rudder 30° with the spin, elevators neutral
(c¢) Rudder 30° with the spin, elevators 20° down
(d) Rudder neutral, elevators neutral

Recovery from (b) and (c¢) was attempted by reversal of the rudder,
recovery from (a) by complete reversal of both controls as well as by
reversal of the rudder alone, and recovery from (d) by moving the rudder
full agalnst the spin and the elevator full down. Allerons were not
deflected during the investlgation.

RESULTS AND DISCUSSION

The results of the spin tests of the model are presented in
tables IIT to XI. Tables XII to XIX present a comparison of results
cbtalned with the moments of lnertia decreased with the corresponding
results previously obtained with the relatlve density decreased and thus
afford a determination of the effect of varlation in weight at-the center
of gravity. All results are presented in terms of model values. Conver-
sion to full-scale values may be obtalned by methods described In
reference 6.
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Effects of Moment-of -Inertia Variatlons

Tables IIT to X indicate that, when the rudder was inltially with
the spin, the qualitative effects upon the spin and recovery character-
lstles of variatlon in the moments of Inertia were generally the same for
each of the tall and wing arrangements tested. In general, decreasing
the moments of inertis led to steeper spins and more rapid recoveries;
whereas l1ncreasing the moments of inertlae lsd to somewhat flatter spins
and slower recoverles. The angular and vertical veloclties in the spin
increased as the moments of Ilnertia decreased, and vice versa.

Table XI presents the results of tests for decreased, baslc, and
increased values of moments of Inertie when all the controls, including
rudder, were neutral. When the twin tail, tall D, was installed, no spin
was obtalned for any wing arrangement or any moment-of -inertla conditlon.

Ag previously lndicated, the results presented in reference 5 were
for loadings with varied relatlve densities which were obtalned by
changing the moments of inertia and at the same tims changing the weight
to keep the radill of gyration constant. Comparlison of the current results
with those presented in reference 5 indicates that, for the rangs of mass
varlation consldered in this Investlgation, systematic changes in momsnts
of lnertis will affect the recavery characteristics in a manner similar
to that brought about by changes in relative density involving similar
moment-of-inertla variastions, particularly when the elevators are up. Tt
thus appears that the changss In moments of inertla assoclated with a
changes 1in relatlve density are primary factors affecting the spin recovery.
In tables XII to XIX, results with moments of inertia decreased are
compared with results for relative density decreased for the different
wing arrengements. The conditlon with moments of Inertia decreased repre-
sents the model with welght In at the center of gravity; whereas the
condltion with the relatlive denslty decreased represents the model with
the weight out at the center of gravity. The difference in welght was
approximately 25 percent. When the elevators were up, the recovery charac-
teristics for the two loadings were quite simllar although the rates of
descent and the angular velocltles 1n spins were higher with the welght in.
When the elevators were neutral or down, the results were not always
conslstent, but a small adverse effect upon recovery charadteristics
appeared to result from adding weight at the center of gravity.

Although no comparison is presented herein, the test results with
moments of inertlia Increased may be compared wlth corresponding results
from reference 5 with the relative denslty lncreased. The difference in
thegse two loadlings can be considered to represent the effect of added
welght at the center of gravity of approximetely 50 percent of the basic
weight. As previously mentioned, the moment-of-inertia changes were not so
great as those made 1In reference 5, but the general conclusions to be drawn
are qulte simliler to those drawn from the comparison made between decreased
moments of inertls and decreased relative density.
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Effects of Tall and Wing Arrangement

Comparison of the results for talls A, B, and C for any moment-of-
inertia condition indicated that tail A gave the mostrapid recoverles
end tall B gave the steepest apins but slowsr recoverles; tall C gave the
slowest recoveries. The effecte of wing and loading varlations were most
apparent-for teil C. With the twin tail D installed, splns for any
moment-of -lnertla condltion were generally as steep as those for tall B,
but recoveries were as good as or betbter than those for tail A. Tail D,
as previously Indicated, was formed by the use of vertical fin and rudder
areas equal to those for tall C, and the improved recovery characteristics
obtained with the twin-tail configuration indicates that it is a very
effectlve arrangement as regards spin recovery. The dlfference in results
cbbtained for tails A, B, C, and D arse in agreement with the findings of
reference 8.

For any moment-of-inertle condition, the wings with rectangular and
faired tips (wings 3 and 4) gave the steepest splns, the most outward
sideslip, and the most-rapid recoveriss. The rectangular wing with Army
tips (wing 1) consilstently gave flatter spilns and slower recoveries.

Even slower recoveries were obtained for the wing with 5:2 taper (wing 7).
The wing with NACA 6718 section (wing 6) led to spins in which the inner
wing was down & relatively large amount. Flaps deflectaed 60° (wing 2)
generally retarded recovery. The Army stendard wing (wing 8) generally
gave more satlisfactory recovery characteristics than the basilc rectangular
wing. .

The NACA 0009 section (wing 5) led to faster recoveries when the
momente of Inertis were decreased than dld either the 23012 or the 6718
section; wheroas, when the moments of Inertla were increased, the
NACA 6718 section (wing 6) led to the fastest recaveries. These results
may be explalned on the basls of reference 9, which indlcates that

T. _ : =
as _E__EEZ becomes more negative, downward tilt of the inboard wing
mb : : _ . _ . -~
during the sgpin is favorable, and vice versa. It was noted that—when
wing 5 was jnstalled on the model, the outboard wing tip {(left tip in a
right spin) was tilted down; whereas when wing 6 was inetalled, the
inboard tip was down. Also, the relative mass distribution along the

Iy -
fuselage was decreased < X

I
—-——E—X became less negativa'when the momsnts
mb

of lnertia were dscreased, and vice versa.

The effects of tail and wing varlables were In general similar to
these prevliously reported 1n reference 5.
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Effects of Control Setting

Within the range tested, moment-of-inertlia variations appeared to
have no apprecisble effect upon control effectivensss In producing
recoverlies. Recoveries from spins with the elevator neutral and the
rudder with the spin were very similar to those from corresponding spins
with the elevators down. Except for the twin-tall, tall D, holding the
elevators up resulted in the steepest spins (from which the most rapid
recoverles wers obtained). For the twin-tall arrangement, elevators up
gave somewhat flatter spins than elsvators down. The simulteneocus rever-
sal of the ruddsr from ruddsr with to rudder against the spin and of the

elevator from up to down gave better recovery than only rudder reversal
PAar +21la R and O (+he wi+h ahcr-l-, Tiddera) 'hut Y\Ot for tailg A

-adlg
e NS e Vb de mimibd  LJ webblh W \ Via AR e e D W JAL =28 U od Wl Dy %4 LYY - S

and D.
CONCIUSIONS

The results of tests mads on & research model wlth varisd moments
of inertia, and comparison with previous results led to the following
concluslions:

1. Uniformly decreasing the moments of insertia led to steeper spins,
higher angular and vertical velocitles, and faster recoveries.

2. Adding welght up to 50 percent of the baslic welight at the center
of grevlty led to higher rates of descent and higher angular velocitles,
had 1ittle effect upon recoveriles when the elevators were up, and gensr-
ally had a somewhat adverse effect upon recoverles when the elevators
were neutral or down.

3. The twin-tail confliguratlion was a very effective arrangement as
regards spin recovery.

Langley Mpmorial Aercnautical Iaboratory
National Advisory Commlttee for Aeronautics
Langley Field, Va., December 31, 1947
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TABIE T.- DIMENSIONAT, CHARACTERISTICS (OF THE VARIOUS TATT, ARRANGEMENTS

Vortical Fuselage glde Yertical tall Horizomtal tall
tazl a area (back and length (from c/4 Horizontal length (from o/l Tatl,
TatL| (o oing| _ PoLov leading point of wing to tall area point of wing to [demping
e ron) |odge of atabilizer)| rudder hinge line)| (percent wing area)|elevator hings 1ine)|PO¥Or 1AOWOT
(percent wing area)| {perecent wing span) (poreent wing span)
8 (rudde 1 (elevat 55
A (?Jm ;5 % 3.0 k5 Eti;m':e: ’8?5?’ W 136 x 10°6
6 (rudder, 3; 1} (elevator, 5.5;
B £, 3§ b3 55 stabilizer, 8.5) ek >
E (rudder, 3; 1k {elevator, 5.5;
¢ fin, 3) 1.3 4 stabilizer, B 5?’ Wk 0
6 (ruddsr 3; 1k (elevator, 5.5;
D 5 ’ 1.1 45 ata.bilimr,,B 5)’ th 393

GLGT "ON NI VOVN
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TABLE, IT,- FULL-SCALE LOADINGS BASED ON ASSUMPTION OF f%_SCAIE MODEL

Loading with

Basic

Ioading with

Item moments of 1 moments of
inertia decreased ocading inertia increased
Welght, 1 . . , k720 k720 720
Iy, slug-ft°. . . 2310 2760 3380
Iy, slug-ft5. . . 3320 3970 4915
I,, slug-ft°. 5040 6150 7700
I, -
_2;_551 C e e e kg x 107% 59 x 20~ -75 x 1o~k
nib
y-%z , ., .83 x 10°% 105 x 107% 135 x 10~k
2
Ip -Tx . ., ..] 132x 10" 16k x 10-%— 210 x 10~%
me
Iz - Iy 0.6k 0.6k 0.64
I, - Iy
w (at 6000 £t). . 8.4 8.4 8.4
xfe . . 0.25 0.25 0.25
z/c . . 0 0 0
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TABLE ITII,.-SPIN AND RECOVERY CHARACTERISTIOS OF A RESEARCH MODEL WITH WIKG 1
INSTALLED
[Bpin data presentad for allerons neutral, rudder with the epin; turns fer recovrery
measurad when rudder alone ig reversed fully and rapidly, exoept as noted; key to
table given at bottom of page}

Moments of inertis Moments of inertis
Decreased Basilo Increased Decreased Basic Inoreassd

/]
© Blevator

50.2| 1.8D 5.1 1,3 s54.7l2.8D : B 7% 3.7D .0l%.0 45.6]5.0D]
40.9 | 11.§ 39.5 10. 40.0}9.5 Up ¥3.2]110.7 43.2|10.7 b2, 3l8.3
1 .1 T T 1
1 1§ 13, 15 13, 13 25 2 1?-122 25, 22'1
1.3 &
l.l, s 11%’ ‘1E 25, 5.2% 31% 3 1%_’ 1%
53.2 | 0.6 58,9 0,90 61.7]/0.%0 49.7| 0.3u 52.5{0.29 53.0{0.8D
36.4 13.' 35,5 12.5 35.0{11.5| yeutral 3%.2|13.1 37.3{11.9 38.2/10.5
21:' EI]E % 3% }?f, 3% , B bll bo co
53.1 |13 |59.1 o 61.0{1,1p so.3l0.7u] |s2.hjo.30f |53.1|0.50
35.9 |14.4 4.5 12.4 35.0|11.5 Down 36.8/13.1 36.8]12. 37.3(10.9
Bo
2}’ 3 3,3 }%l 3% 3&! BIJE bE, bll <

TN =5
Ilevator

M.u 5.30 15.1] 5.1 47.2(3.6D h5.9{2.7D 53.2 |0.9D 56.9|2.0D
Ma.3 |10, 43.219.8 L1.818.7 Up 4o0.0111.6 37.71{11.0 37.7110.2
2, 3% %, 4 ¢ o 1}, 17 2, 2 2%, of

& a
1, " i M3 "3k “25, M3 2%, "o “2f, *3
£2.8/0.3 56.3% 0.6D 59.6{1.6D k7.0{0.5D 47.4 11,60 55.3|1.%D
35.0[13. 35.5|12.2 35.5|11.1] Neutral 39.1|1%.0 38,7 (12,1 36.4111.%
o | [Fo | [ IR TINEY
53.0{1. 56.3{0.2D 59.6|1.6D 32,6)3.20 47.3 [1.5D S5k.4lo.6D
35.0(13. 7| 35.5/12,6 3.5 (114 Down 46,.8i17.1 38.1 12,7 35.0{11.6
7, % > o * 14, 1t 3, 3 3% b
2Recovery by reve.rn.l of both rudder and slevator. . [
Visual estimate. gmﬁnz;l‘::;s w (8eg) {deg)
O means model 4id not recover. D 1inner wing down v o
(tps) (rad/sec)

Turns for
recovery
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PABLE 1V.- SPIXK AND REOOVERY OHARACTERISTIOS OF A RESEARCH MODEL WITH WING 2
INSTALLED .

]:Bpi.n dats presented for silerons nsutrsl, rudder with the spin; turns for rscovery
measured wvhen rudder alone is reversed fully and rapldly, except as noted; key %o
table given at bottom Jf pags]

oments of inert . Homents of inertia
Deoreased Baslo Increased Decreased Basio Inoreased
2\
w Flevator d) -

kg.2(2.7 51.9|2.7D 57.3{?.41: e, 7 {3.6D 46.2]3.0D
36.8/11,9] [36.4]10.8 35.900.0] P 39.6 (9.5 38,2 8.0

2, 2 25 2 2f, 3 b, B i, P

&

P18, 17 3 %5k ut., %2, "% °, uf

5l 8{ 1,401 58.4|0.9D 61.6 2.0D 52.4 [0 4D 54,2 0.6D 56.8(2,0D

33.6j14.0 33.6[12.5 33.6 [11.5 34,1 13.4 34,6 p2,1 34.6 10.6
T Reutral T So Yo

3, 3 uh, uf >63, 8 X o =

51.6| © 57.2]1.9D 60.2 | 4,50 51..0(0.4D 54,3 L.2D 55.7 |c.&D

73.2]14.2 33.6]12.6 33.6 11.7| Down 34.1013.4 34,1 h2.4 34,1{11.1

2 2 s | P, 10p I 20 o 50 oo

Tail ] - Llevatar méa

Ig.d2.5D 52.0/2.6D 54k.9 | 2.6D 4g.3 |2.4D 4.2 1,90 57.7 L.ep
38.6/11.5] [37.7|10.5| [37.7 |9.2 U 36.4 2.5 P5.9 1.3 (35.4 po.5
L 24, P "% "% 28, 2¢ 3, 3 3k, 3%
‘2&. ‘Z‘E' 33%"3% Eg;,l?b l“%' aZé 13' a3 AB%'-, [N
{e) (e) .
50.5 [2.3P %Zt 15 ?215 i 47.6 ..9D K 57.0 P.1D
35-8 3.4 ES: E; E‘?Té 1R:3| weutraz  [35.4 3.8 5.0 | 12. 3.1 f11.3
- o@ bcm . bm ”co 21]#, 2%: , 3% B, 4
(o) e
52.% b.70 § %:gg ?g:; .88 uk.9 1.9d 55.5} 2,0
w6 38| [ pe:d 2232 pown ¥o |spin s.6/12.7]  [3m.1]11.6
"5, 25 ) P Poo 3% 3% 5, b
E&;:::]e.rgb'::ir::::::?l of both rudder and elevator, :}(od.al values (::) (d’ )
<o means model 4i1d net recsover. 4 i:::: :ﬁilr’xg :gm vE :_:
’.'..'w: :?ph:’i:ri:;z-md osolillatory. (tps) (rad/ses)

Turns for
recovery




NACA TN No. 1575

TABLE V.. SPIN AND RECOVIRY CHARACTERISTIOB OF A RESEARCH MODEL WITH WING 3
INSTALLED

ESp:.u data presented for ailerons neutral, rudder wlth the spln; turns for reocovery

measured when rudder alone is reversed fully and rapidly, except as noted; key to

table given at bottom of pege]

Moments of inertia

Decreased Increased
... .Elevator ~
29.5 1.14 51.0{2.0D
54.6 [12.1 %0.0/9.1 Up
l% 1&
!.bl )
5 i, 1
51.41.70 57.9|0.20
No [spin 36.48011.8 35.0{10.9| Neutral
I
15, 12 2, ot
ho.71{ 2.4 56.3]1.30
No |[spin 26.% ] 12.1 35.0|11.0] payn
1 .1 1 1
3 13 23 "2p
©) Elevator
0|5.30 33.0|3.3D
54.6| 1L8 61.5|9.0 Up
11
3 %’
)
4.7 | 1. 32.9 | 0.2D 35.2|0.8D
7.8 | 13. 51. 12.6 52.3[11.0| Neutral
1 £ T g
38.5) 4. 37.7] 1.5 45.1{1.1U
bl 6i1h,3 L5,k 13, 38.6111.1| Down
1 1} 2, 3%

,;‘H.sua.l egstimate.
Recovery by both rudder and elevator reverssl.
®The spin is steep and osclllatory.

Homente. of inesrtia

Decreased Bas

1o

Inoreased

(o) FL
25,.1}5.37 %3,6{ 0.1
No [spin 61.5(12.1 %0.9( 10.5]
i 1
5 2 o
No japin
()
€1.8

2U4.800,20 24.1/0.6D
50.01 14.3 56.8(12.6 54,6111.6
1 1
5 3 t
30.2p0.8U0 29.2|5.4U|
45,9/ 14.6 47.8113.5 50.0/13.1
1} 1} 1§
ac g
Model values (deg) (deg)
G inner wing up
D Ainner wing down \ -
(tps) [(rad/sec)
Turns for

recovery

15
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TABLE VI.- SPIN AND RECOVERY onnéggﬁﬁ%os OF A RESBEARCH MODEL WITHE WJING 4

Epin data presented for allerons neutral, rudder with the spin; turns for-<ecorvery
measured when rudder alone is reversed fully and rapidly, except as notsd; key to
table given at bottom of pag

ments of ineriis Moments of inertia
Deoreased . Basilo Inoreased Decreased Basio Inoreased
Tatl AT @
- Elevater (0} -]
31.4 0.4 45.6[1.0D 53.1]0.9D
52.35[11.8 4o,0p10.1 4o.0|9.2
1 T .1 g
} L 3. 13
a a a [N
<3 7, % 1§ M3
55.1 12,60 59.9] 0.4U ’ 34,1 o Lk6.2| o
Fo {spin 3.1 2.2 35.0{ 11.0{ Neutral No jepin 47.8{12.6 40.9{ 10.6
2, 2 of, 2f 3 of, of

u.d;u 2,9 |1.00 37.4#.3 47.1 o.7\i
10,

No|spin 34.ﬂm.4 35.0'|1:.2| poyn Ko (spin u;.z{ 13.Y bo.d
if. 2 2}, of 1} 2, 2
Cra P
[/
Elevator )
27.5{1.8D 7.6 | 3.30
61.5]12.1 1.5 9.0 up Xo |data No |data No |data
S o °
- -
acy A&y ac, a&cp
F_2 g T
29,6{12108 7.4{2.6U ‘io L.5U 26.4 8,99
56.8{1k,0 52.3|13.1 61.5 f1.0| Keutral No |date 54.4 12.8 ¥o [data
1 L
& 2} | % $
32.0(5.20 .310.3 3.7 7.9
Ko|epin 49 413.6 38.6 | 11.1 Down No |data Iy.8 13, Ho [dats
1 1 1 1
5 %3 3 1}, 13
"Reoovery by reversal of both rudder and elevator. oc [
The spin 1s steep and oscillatory. g"d:ﬁn:;lﬁz:‘ G uwp (deg} (deg)
®vimal obeerwation. D Anner wing down v £
(fps) |(rad/sec)

Turns for
recovery
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PABLE VII.- BPIN AND RECOVERY OHARACTERIBTICE OF A RESTARCH MODEL WITE WING 5
INSTALLED

Epin date presented for ailerons neutral, rudder with the spin; turns for recovery
moasured when rudder alone is reversed fully and rapidly, except as noted; key to
table given at bottom of pag_g

Maoments of inertis Moments. of inerti

Deorvased Basic Inoreased Decre aged Inoreased
Elevator o)
46.5 10.9D 0.7] O 5.2 }0.6D b5,7]4.8D]
sk hie| bo.ofs.e| Bo.sloe| w 13.2|8.7
1, 1} 1, 1 1%, 1} 1}, of
1, M % M3 Eli" 1t %

52.7 |2.7u 58,4 [L.20 60.4 0.8 E..l bod [s2.82.00 |53.1]0.50
5.4 3.2 35.0 2.2 34,3 11,2( Neutral hso.g 13.3 37.7]11.6 37.é| 10.
13, 1% 28, of 3, 3 1,1 3, % 5%, 11
52,3 5.6u| |s8.1|t.3w]  B9.6 p.1b 43.1 [5.60 53.31.80  |5%.6 b.7U
.6 [ih.0|  |34.1f1e.6] .1 ik | Down 29.1 3.8 6. 12,0 B6.% po.7
4, 14 23 2% % 3% 1, 1 o, 3 6 8

Tall 0 s é;

Elevator
36.5[1.9D 1.4{2.4D .9 | 3.9D 30.9[2.11: 'p;.a 3D 54,0 p..OD
47.8(10.5 1E.819.5 B2.2 | 8.4 U 55.0 J12.6 40,9 LO.5 38.2 9.6
b4 1%, 13 2, 2 3 b1, % 13, 18
ab a a al a3 a a a *e1 al
B 2 % 3 13 3 IR
(a)
k7.5 1.@ -
33.5] 0 56.1|1.00 57.6 p.4D 32.3 [0.30 8.6 | 3.0 51.% 0.5y
uug:: 1z. 75.9{12.1 35.9 0.8 | Neutral 50.4 [14.3 b2.3 p2.7 37.2 [10.9
1 -1 1 B
2, 3% & o ® o i P 2%, 2%
@)
3,0]3.00 ]
.913.10 56.7|1.00 57.0 04D 36.3 {%.10 33.*4 2, 51.2 (0,10
R ﬁ:‘g 35.4|12.6 35.% 11.2 | Down 45.9 115.7 46.8‘ 13.4 [36.41.2
1 b b ) o 1 ,1
3 3§ 8, ] oo if 11:’ 1E 2%’ 23
“blézcov;rybby- rlz:raal of both rudder and elevator. (cc) (a’ )
[ 1) -
°'l‘h:u:pig “r::“;nmd oscillatory. léodﬁn:;l,‘::;s up Aoe o8
o types of spin. D inner wing down \{ <2
ao means model would not recover. (fps) (rad/sec)
Turns for recovery,

17
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TABLE VIII,-SPIN AND REOOVIRY QHARAOTERIETIOS OF A RESEAROH KODEL WITH WING 6
INBTALLED

Spin data presented for allercns neutral, rudder with the spin; turns for recovery
measursd when rudder alone is reversed fully and rapidly, except as noted; key to

Maoments of Anertia

table given at bottom of pnge]
Moments of inertia

Deoreased Basio Inoreased

¢ - - --=— - flewator
45.6|5. 7.8 | 5.4D) 53.7]3.7D
41.b)12,1 .0 | 10.6 38.219.7 Up
b, 1 by, 2} 1%, 1
4, M 1, M Y% &3
ng. 4 | 1. 53.012,7D 58.7/2.6D
3%.2 3.8 L ER 35.0{11.2| Fewtral
3 - TINEY:
4g.7 E.m 3.6 [2.7D 57.2|2.3D
37.7 A4.4 5.9 {12.7 35.4(11.3] pown
13, 15 24, 2} 2%, 2
(o} Llevator
vp

4. 6.1 k4.7 (6.0D 47.2/% &D
33.1 13.9 ok 12,1 40.4{10,6| Neutral

%, 5% & a2

46 058D 46.44.30 0.5 |3.10
39.1th.3| | 39412.9 38.2 (11.3| Down
2 2& 9 >b5t bdoo

4Recovery by reversal of both rudder and elevator,
isual observation.

Orhe spin ig steep and osolllatory.
©o means model would not reoover.

Very oscillatory.

Decreased Basic Inoreaded
o) (o)

45,1} 6, 4D 47.1)4.3 51.14 3,8
38.6/ 13.3 38.6|12.1 35.3 10.5
2, 2 25,° 3 33 1}
Ly 6] 3.0D 47.0|2.7 k9.4 &,0
37.71 13.9 37.7|12.5 37.111. .

I §
13, 2f 25, 4 % 3¢
Cre T
®) 0 C
k9.4 7.7D 47.7 6.10
40,9 12,6 ho.9 9.8
1
1 %
1, "23 i

6.9 1&4.5'9.31:1 »

5.4 7,70 | 45.2[l00 4.4 5.7
37.7] 13.9 38.2]12.9 40,91 11.1)
13,3 18, P1g 1}, 1
) )]
43,3 | 7.0D 45,6
37,2 | 14.8 38,2/ 13.3 4o,9(11.9]
13 1z 2,2 1§, 2

Model values

U Anner wing up
D Anner wing down

oc
(deg} (dgc)

v e
(rps) [(rad/sec}

Turns for
recovery
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TABLE IX.- BPIK AND RECOVERY GHARACTERISTIOS OF A RESEAROH MODEL WITE WwWING 7
INSTALLED

f_ﬁpin dats presented for allerons neutral, rudder with the spinh; turns for recovery
measured when rudder alone is reversed fully and rapidly, except as noted; key to
table given at bottom of pagﬂ

¥ompnts of inertis

Decreased Basle Incrassed
flevator
53.0|0.7D Sk.7] O 56.2 0.8D
39.111.8 37.2|10.7 38,6 5.8 Up
‘1%‘, li 1%; 12- 2, 2
b b
"13."14 "1, "ot of, 3
59.2{0.1D, 59.%{0.2D 62.7 0.3D
3h4.1114.0 34.1112.6 35.4 11.3 | Heutral
T 1 .1
3% 3% 3% 3% 3 7
58.2(0.4U] 59.0{0.9D 62.9 0.9D
3, 1{1%.3 34.,1|13.0 35.0 1.7 Down
2% 3 %% | [ %

. . _ Rlevator
59.0{1.1D 51.4%11.2D 53.5 0.8D
39.6{11.5 4o,.%|10.2 39.6 B.2 op

‘1%;. % 10, 10 P Rl e
b1 b b ©
2%:' L b}r b°a> a(O oo
!56.0 0.2D 59.%|1.0D 60,5 fL.0D
35.4]13.6 34.6[12.9 35.0 1.5 | Neutral
a ac ac
oo oo an oo
57.8]0.3D 61,3|1.0D 63.2 1.6D
35.0 (14,3 34.1|13.2 4.1 2.0 pown
a as ac ]
@ o a>

&Visual observation.

scovery by reversal of both rudder and elevator.

o meéans model would not reocover.
dThe spin is steep and oscillatory.

Homents gf inertis

Decreaged Basic Increased
Tail B T
(&)
.2 | 2,51 49,7 {1.0D
liz.2 | 9.8 L1,k |8.5
X, 5%
'b3’ bh%
s5k.611.30 53.5 L.3U 55.4|0.4D
35.%(12.8 36.% 1.8 38.6]10.5
61, 7% ‘020,‘°m lom
53.6{1.30 53.70.2D 55.2[0.3D
35.0{13.2 35.902.3 35.9[11.0
5%:, 6%- .‘10, .'11 ac o
2111 ()
v,
%¥2,6]1.3D 51.3 0.5D S5k.8|2.4D
&3.2110.8 38.6 p0.9 28.219.9
1, 1§ 1, 2% 1, 12
12, %2 2, *"e} 23, "2f
33.9{2.5D hg.q 1.0 54,1{0.4D
b6 {1k, 8 377123 [35.9(12.1
1}, 1 2%, 2} 2%, 3
21,50.9¢ ho,8 .20 53.9 {1.3D
Lg.6117.2 k5.9 N3 25,9 11.5
1 1%! 2 3%1 }E
Model val o g
U :nn:r 32:; up (aeg) {aex)
D Ainner wing down v L2
(rps) [(rad/sec)
Turns for
recovery
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TABLE X.- SPIN AND REOCOVERY CHARAOTERISTICS OF A RESLARCH MODEL WITH WING &
INSTALLED
Spin data presented for allerons neutral, rudder with the spin; tums for recovery measured
wheii rudder alone 1s reversed fully and rapidly, exoept as noted; key to table given
at bottom of pag

Moments of inertis _ oo i i Moments of inertla
Deoreased Increased Decreased Basic Increased
Tasl B
Elevator (&) (o) . (o)
43.5 [0.5D 51.2 [t.2D 2.8 |1.60)
44 .3011.0 40,9 10.2 39.6 |9.4 Up
1 1}, 1% 1}, 1t
L i, i 13, "2
(D] __
55.1/0.78 55.7|0.2D 60.5 |0.5D 46,2 2.2V 6.5 [1.1 52,2 0.4D
35.3]13.6 36.4]12.1 36.4 11.2 | goytral Lok [23.1 38.6 {11.2 39.1 0.3
1 2& ol ol 2% T =1
2 5 2§ | 25 3 | 3 35 i 4
52.9{2.1U s4.3lo. kU 60.5 05D ¥7.7|2.70 45.3 20D 50,0{0,3U
35.9|14.2 36.4{12.5 36.4 11.5| pown 4o.0)13.1 38.2 2.1 38.6.10.8
1 1.1 .1 s oL T .1
2% ak 2g; 8% 3 3& 2, 2 3 3m 5 5%

polizss L peiTp
o) . ) S Elevator ]

40,4 3,9D 29.9(6.3D 47.3 b.8p 49,3|1.7D
49.6 8.5 Up 52,3112.6 47.8 D0.5 40.9(9.5
1 1 2 1, 13
e ] ] =
) - (o) ©)
bg 2/1.6y 52.3|0.3U 55.3 {L.0D - 32.1|5,5D
37.7{13. 37.7|12.2 37.2 10.9 | Neutral 52.3 38.6|10.9
b b, b a
3 b 4, 12 20, .¥ o, 2%
. . (o). . (o (c)
51.1[2.9U] sk, L{0.5U 56.8 [L.0D 33.3|1.0D 5.7D
37.2[14.2 36.8|12,7 36.% 1.4 | Down 52,3|15.0
5, 5 13, big va
s"Rmmw.u',r by reversal of both rudder and elevator. [+ 4
Pyigual observation. %”dgn:;l::: (aeg) (d!g)
SThe spin is steep and cscillatory. D inner ,,mg }:Pm -
o means model would recover. v iy
(fpa) |[(rad/sec}

Turns for reacove:
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TABLE XI.- sPIN ORARACTIRISTICOS OF & REBEARCHE KODEL WIZE ALL OONTROLS NIUTRAL

[Furna for reccvery measursd when ruddsr is moved to full against the spin and the elevator
is moved to full down; ey to table given a% bottem of pcg_ﬂ

Homents of IQeTtlr Momonta gf inertig s of snertl

Deorsased Basic Inoreased Deoreased Basic Inoreased Dacreased Basio Increased
~

/
= sl

h.p| [se.do.608s.9]0.60[5%Jo.an] [50.6]o. eL.8lo.60
¥ing 1 ¥ fjpin "39.6 .1 |{36.6 po.7 36.6 13,1 [ 38.6/ 11.4 | 37.9 10.4 36.8(13.01 [35.0{ 12.1] [38.0 fn.; 1a)
!1‘, 2 3, 3 z%, zé 5. 5 oo 8, 12 oo feo
) (=) < .
9] 1. .6[2.3D
53.Y 1.5 6.8 .70 _5;__9_3}4 56.2{ 1.50) 52.9|1.6D B; 1.304 ;;.3 n.;n
vigz |y, Lonitlasg1e.dbsa e %o fpin |36 12.d | w.q10.8  |3s0fua| ET-2136:Y (B3 153 w
3%, x TE- >7; %o e fo teoll too
o)
¥icg 3 _Xo_mpin Xo jgpin ¥o spin No ppin No ppin Xo | spin| No [spin|| ¥o [spin fa}
(1)
#ing & Mo spin || Mo spim || Mo lspin ¥o poin [[ o ppin || b |epin No [spin|} Xofspin ©)
] F'_'!_—I 52:‘:..111 N (LA .09 |53.9 o . %6.0| 0.4} [57.0 lo.20
Ving 5 ¥o | spig| Wo spin|[34.2 10.6 ¥o ppin || 39.] _11.& 37'7L1°" Xo |spinf 36.% 22.0] 135.9 [11.0 23]
ok, of o}, & ) 7.8 *a
[ 1 {{waeed{ss.ds.of [us.afreof [ sim]ss.a s
visg 6 Yo ppin|]| e lllp__: ¥o [spin ¥o | spin| | 38.6/ 12,2 | k0.4 10.5] 3%.013.4{ | k0.5 12.1] [X0.5 [10.5 i
a
. % 3 3 ‘% 3, 12 aad
L } Bo.6 0.4 Ez.z 1.2D 51.9 1.79] ‘sa.s o.20 | 5%. 7 1. 5%.0/0.10| |54.0{ 0.7D} |62.7 [0.9D!
wing T ¥o spia [38.2 pe.2 [138.6 n0.8 35.9 13.1 br.2 { 11.4 | 37.7 10.6]  [35.913.7[|35.5) 128} |35.0 [12.5 @
] 3&- 3* » 5 5 "o % =) *xo %o!|*cw *= oo |
—-
. 155'.5{ 2.0n | #5.9 o.M . }{53.9) 0.10] |5%.7 |0.8D @
wing 8 | Mojspinj| ¥ospin i Ne spin Xo jepin 39.1] 11.3 | 0.0 10.4 Mo spin| [37.7}12.3{ |37.3|11.1
2%, 3 6, & 6,8 |l% %o
0 means moflel wowld S Hodel "1‘;' ‘ﬁ ) ¢ ;
v Erpes sarwo net recover. U  inner wing up 'l deg)
ory sateep spim. D Ainner wing down ¢ £
4o &pin for any moment-of-inertia conditicn. Tps)  |(red/su)
Turns fer
reacvery
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TABLE X1I.~ EFFEQT OF WEIGHT VARIATION AT OINTIR OF GRAVITY OF A RESEAROH
HODEL UPON THE SPIN AND RECOVERY OHARACTERISTIOS; WING 1 INSTALLED

Data for weight in at center of gravity obtained rfrom ourrent tests with monments of
inertia decoreased; data for weight g&& at omter of vity obteined from reference 5
with relative density deoreased. 8pin data presented for allerons neutral, rudder
with the spin; turns for reocovery measured when rudder alone is reversed fully and

rapidly, except as noted; key to table given at bottom of pag
Welght at center of gravity Welght at center of gravity Weight at center of gravity

In Out In Out In Out

M /T

E Tasl A _ ﬂ ;\ S Tail B ™|

50.2{ 1.8D| [49.5|2.6D e 713,70 |b2.3 6.3D e 4 15,30 | b5.2| 4, 8D
El t
ko.g11.5{ [32.810.6] FLOTATOT |u3.0000,7] [37.7 .9 ‘13;“" 42,3 | 10.8 [36.4/9.7
1
1%, 13 1} 2%, 2% 13 ot, 3% 3%
1, 22 %, M3 "% r L, M "1
53.2 [0.6U 52.6 1.00 kg.7l0.3U 47.1|0.5D F2.8 |0.30] |55.311.5D
Elevator Llevator
26,4 |13.6 29.71 12.3 neutrl 38,2 13.1 32.7|12.2| neutral 35.0 (13,1 28,.7112.7
¢
2%, o 1}, 12 3%, 4 g, 2 oo 5%, 6%
53,1 1.30 |52.8]{0.1D 50.31 0.7 |44.5 [1.40. 53.01.7U( |56.4 o.ad
E) t
35.9|15.00 |29.2(12.6] acwn | 36.8/13.1 [33.2 [13.1[Gveto" 35,0 h3.7] |28.2|23.4
) 1 .1 . b b
2, 3 1, 12 W % 1 i 6
aRecovery by reversal of both rudder and elevator. ¥odel values oc v
°V1sual estimate, U inner wing up (deg) (deg)
oo means medel did not recover. D inner wing down v =y
(tps)} |(rad/sec}

Turns for
recovery
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TABLE XIII.- EFFECT OF WEIGHT VARIATION AT CENTER OF GRAVITY OF A RESEARCH
KODEL UPOX THE SPIN AND RECOVERY OHARAOTERISTIOS; wING 2 INSTALLED

Epin data presented fof ailerons neutral, rudder with the epin; turns for recovery

neasured when rudder alone is reversed fully and rapidly, sxcept as noted; Xey

to table given at bottom of pag__g_l

23

WVeight at center of gravity Weight at oenter of gravity Weight ot center of gravity

In . Out In out

’ -Tail C
)
73.3[3.0D
s9.2|2.70| 9.3 .9p 49 .8|2.5p| |47.2}%.1D
Elevator Elevator 23.3[16.0
36.811.9| [30.7 FLO.& up up 38,6(11.5| |32.4[10.6
4 a af
2, of 12 20, @ | | a2,
[ a a a af , & af.

i M| | g, 2 o, 2 | [ag3 s,
{e)
71.5]2.9D

54,81.4D 52,4 o, 4Dp 50,5/2.3D] [5k.1]2.0D
levator Elevator 2.1116.2
33.6 |14,0 No | spinneutral 34,1] 13 No | epin|neutral 35013, 7.5(12.%
==
a T
3s 3 l"'tjfn u‘% < oo l’“z's 5
51.6] © 51,0|0.8D 52.3 i0.7D
| Erevator Elevator
33.2 |14.2 No |spini down 34,1134 No lepin| down 34,6 |13.8 Ko |spin
1 1 L] L. T
25 25 35, b 15, “25
8Reoo by reversal of both rudder and elevator. =3 g
Yrhe :;zj:’n 1: steep and oscillatory. léod:}}ﬂ:;l:::g up (deg) [(deg)
SGoes into a spiral glide, D 4inner wing down v .
< pmegans model would not recovery. (rpa) j(rps)
®Two types of spin,
T¥1sual observation. T,:i';:ef.;r
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" TABLE XIV.~ EFFEQT OF WEIGHT VARTATION AT OENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SPIN AND RECOVERY OHARAOTERISTIOS; WING 3 INSTALLED

Epin data pressnted for allerons neutral, rudder with the spin; turns for rsoovery
neasured when rudder alone 1s reversed fully and rapidly, except as noted; key
to table given at bottom of pag_?_[

Welght at oenter of gravity Weight at center of gravity Welght at center of gravity
In out ‘In out
-
Tatl 4 ] — dra11 0
29.5(1.1D| [37.4|3.4D 33.0|5.30 | 32.5{5.0
Elevator Elevator
54.6)12.1] [4o.4]20.2 up 52,3 9.7 up 5l.6{11. 45.0]10.5
8 1
3 3 3 % 1
L by by by b By
Z b%’, z ) g 7 2 7
36.911.70 ' 34.7[2.79 |37.0[0.3V
Llevator Elevator
No|spin| |3%.8|12.6] neutral No |spin No [ apin neutral 47.8|13.§ |37.812.3
1, 1 1 13, 13
38,51 4.10] | 38,2360
Elevator . Elevator
No (spin No{spin| down No | spin No |epin| down 4 6(14.3] |36.%[13,1
1 1, 1§
8y1sual estimate. (o & @
oovery by both rudder and elevator reversal. );od::n:;l:::g up (deg) | (deg)
SThe epin ig ateep and osolllatory, D inner wing down Y ~
(rps) | (rps)
Turns for
Tecovery
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TABLE XV.- prpEQT OF WEIGHT VARIATIONS AT OENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SPIN AND RECOVERY OHARAOTERISTIOS; WING ¥ INSTALLED

Epin data presented for allerons neutral, rudder with the spin; tumms for recovery
measured when rudder alone is reversed fully and rapldly, except as noted; kesy
to table given at bottom of page]

Welght at center of gravity Weight at center of gravity Welight at center of gravity
In Out

()]
31.6 [0.4U 34,.6{ 1.3D; 27.5/1.8D| [31.6 5.7D
] 52.3)11.8] | so.4 10,8 T *OT Trerator 61.5|12.1) 5.0 f1o.b
3 b}, 1 2 1
a % lbi' a.l:E ‘b&_ .% a%

&.4 | 0,60 29.6L2;n 36.2[0.60
Elevator Elevator
No |epin| [38.6 f2.% | neutral No ppin No |spin|neutral 56.8[14,0{ |38.3(12.3
b, .
L 1 5 1 3f

(d)
Elevator Elevator
Ko |spin Ro r;pin down No jspin No |spin| down Ko (spinl |37.5(13.1
%Recovery by reversal of both rudder and elevator. Model valuss e g
:v’-'““l observation. U Anner wing up (deg) | (deg)
d‘l‘.'ho spin 1is steep and osclllatory. D inner wing down v >y
Data not obtained. (ps) | (zpe)
Turns for
recovery
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TABLE XVI.- EPPEOT OF WEIGHT VARIATIONS AT CENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SBPIN AND RECOVERY OHARACTERISTIOB, wING 5 INSTALLED

Epin data presentsd for allerons neutral, rudder with the spin; turns for recovery
measured when rudder-alone is reverssd fully and rapidly, except as noted; key
to table given at bottom of page

Welght at ocenter of gravity Weight at center of gravity Welght at oenter of gravity
In Out In Qut
e mlé|
. {o)
46.5(0.9D 41 .0 0.4D) 36.5 |1. 31.5|2.8D
El
s.u21.2| | 39.2f 10.6] TRETET o to" . |105 |s.1f10.1

1, 1} i 1

Z
1,04 ab%- ab&' ‘% .}

&) ' (0)
55158

52,712,701 [3%.4% | 2.4 41,1 1 4, 33.5| o 30.4 [1.50
LORARE-R

3.4 113.2] P2 |12, roavens”  [40.9 |13 | No |epan|ELOTEEOT |igsl12:8 |ue.2fi2.6

12, 12 e 1, 1 23, 3% i, 1

(@) {o}
L 53.0 [3.00
52.33.6U 3.1 13.60 559 3,10 [34.8 p.1v
. &
24 6lLh, 0 No| spin| E1gTa%0r 5o 3 }13.8 No |spin [F1STAtOr ﬁgi gs 39.6 h3.7
1
1f, 1% 1, By 3, 3% 1,1
BRecovery by reversal of both rudder and elevator. Hodel valuas g
byisual observation. U inner wing up (deg) | (deg)
Sme spin is steep and cecillatory. D inner wing down v Ll
o types of spin. (tps) | (rps)
Turns for
reocovery
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TABLE XVII.- LFFEOT OF WEIGHT VARIATIONS AT OENTIR OF GRAVITY OF A RESEARCH
MODEL UPON THE S8PIN AND RECOVERY OHARACTERIBTIOS, yING 6 INSTALLED

Eps.n data presented for sllerons Leutral, rudder with the spin; turns for recovery
measured when rudder alone is rpversed fully and rapidly, except as noted; key
to table given at bottom of pag

Weight at center of gravity Welight at senter of gravity Weight at center of gravity
In In Cut In Out
{e} ()] fe)

45,6 |5.3D k2,9]8.0D

Elevator Elevator
1.4 {12.1 36.3(10.9 up up
"1, 1 1 13
b b i ab
L%

(e)

49.4]1.8D 47.0 3.6D] 45.116.4D kY4, 2| 6.1D [%6.5{4.9D

Elevator Llevator -
38.2[13.8| | 31.4 12,8 neutral  35.6/13.3| |31 p2.6 neutral |39.113.6] |35.4[|12.1

1§ 13, 13 2, 2 2, 2§ 4, 53 o%, 2%

kg.7/2.1D 'u-s.o 3.4D Lk 6|3.0D| [41.4(6,2D 46.d 5.8D | 46.5(5.8D
Elevator Llevator
37.7|1%.4) |32.B113.3 down 37.7113.91 [33.213.0 down 39.Y 14,3 |33.3|13.4
1 .1 1
15 1z 1%' 15 1%‘- 2%7 1, 1 2, 2& ]%, 3%.
Bvigual observation.
ecovery by reversal of both rudder and elevator. Hodel values <« [ 4
SThe spin is steep and osclllatory. U inmer wing up (deg) | (deg)
D Ainner wing down v >
(rps) | (rps)
Tums for
recovery
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TABLE XVIII.- gppyor OF WEIGHT VARIATIONS AT OENTER OF GRAVITY OF A RESEAROH
NODEL UPON THE BPIM AND RECOVERY OEARACTERISTIOB, WING 7 INSTALLED

[Bpin data presented for allerons neutral, rudder with the spin; turne for recovery
neasured when rudder alone i1s reversed fully and rapidly, exoept as noted; key
to table given at bottom of pagé]

Welght at center of gravity Welght at cert er of gravity Weight at center of gravity
In In Out
(o) ; a
53.0 0.7D 4.5 0,60 59.0]|1.1D k5,31 1.7D
Llevator Llevator T
39.1 11,8 33.71 10,7 wp up 39.6|11.5 |35.9]{10.5
%, 1% | |13, 1F b %% | | 2B 2t
By b b b b1 b 1 b
13, 1% 1, 12 o 4 1, 1
59.3 [0.1D]| [56.2 [0.5U 54,611.30| {45.5(0.2D 56.0{0.2D _5s.f 0.6D
3.1 jth,0| [o8.7 [12.5 | Elevator I35y liz 8l B3.6 [12.4|EROTARST |35 uly3.¢) |28.7)123.3
1 1 1 ]
3%, 3¢ 25 23 63, ¢ 23, 2§ ‘eo 13, "15
SS.J 0.0 |53.1n.40 53.6|1.3U 46.9|2.60 57.80.3D 57.1 0.4Y
Elevator Elevator -
3b,1f 143 |2€,7 13.0| dowm 35.0|13.2| |31.4{13.0{ down 35.0|14.3) | 28.7]23.7
2%! 3 2%" 2% 51]1'_" 6% 2%;, 2%- * e .'11, 11%-
8yigual observation. P
Recovery by reversal of both rudder and elevator. Hodel values (aeg) | ( d.gg)
®Tne spin is steep and osclllatory. g i::g &:g w = —
(tps) | (rps}
Tuns for
recovery
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TABLE XIX,- EFFEOT OF WEIGHT VARIATIONS AT OENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SPIN AND REOOVERY OHARACTERISTICS, WING § INSTALLED
Epin deta presented for ailerons reutral, rudder with the spin; turns for recovery
neagured when rudder alone is reversed fully and rapidly, except as noted; key
to table given at bottom of page]

Weight at center of gravity Welght at oenter of gravity Weilght at center of gravity

In out

In Cut

43.5( 0.5Df {h2.4{2.5D
Elevator Elevator
hi.1l11.0f |38.719.9 up up
1 1
a
K 3
) (b)
55.1] 0.70| |48.7|1.30 46.212.2v hs.2j1,601 [50,7]0.20
Elevator Ilevator
35.9|13.6] ]30.5|12.3|neutral 4o.4]13.1 neutral 37.7(13.% }31.0[12.5
o] | =2 IIEE
52.9{2.10l |[45.1)2.0 k7.7]2.7U0 51,1/1.9U| {4%.9(1.9U
Elevator [Elevator
35.9{14.2] {31.8(13.0{ down 40.0|13,1 No |spin | down 37.2j14.2| |31.0/12.9
2hoop | | 3d 2, of 5, 5 3. %

1 of both rudder and elesvator,

a'R.ecu.w-a:-y by reversal o rudie; ° a Model s Py g

The spin 1s steep and cgolllatory. o -1nnemlr wing up (deg) |(deg)
D inner wing down

v NS
(fps) |(rps)
Turns for

recovery
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Figure 1.- A model spinning in the Langley 20-foot free-spinning tunnel.
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Figure 2.-
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Low-wing monoplane model with detachable tail and wing.
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Figure 3.- Low-wing monoplane model .
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Wings 1, 2, 1
5 and 8 5.?4”
/4
[[ _ 30,00~ ! 6>
Wings land 2 ~=—=—— — _1
E 500"
t LR
Wings 3 and 4 : . x
-+
.48//
Wing 5 —— —— J’:
V/4
LLOE
Wing 6 R

Wing 7

Wing 8

L ‘

Figure 4.- Diagrams showing plan forms and frontal views of
wing models.
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Figure 5.- Wing models used in tests.
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Wings 1, 2,
5and 8

Wings 3and 4

Wing 7

Wing 8

Pigure 6.~ Interchangeable wings of low-wing monoplane model. .ﬂ@:
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Figure 7.- Tails used on low~wing monoplane.
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Figure 8.- Interchangeable talls of low-wing monoplane model.
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